A novel ethanol dehydrogenase with high activity against dulcitol 1-phosphate (D1P-EDH) was purified from Salmonella typhimurium IFO 12529 grown in a medium containing dulcitol as a carbon source. D1P-EDH was purified from a crude extract of S. typhimurium cells by (NH4)2SO4 precipitation and columnchromatographies on Blue-Cellulofine, Sephacryl S-300, and Zorbax GF-250. D1P-EDHwas purified 277-fold with an activity yield of 21.3%. The purified preparation gave a single band on an electrophoregram. The activity staining of the electrophoregram of the (NH4)2SO4 precipitate indicated that there was no isozyme of D1P-EDHin the extract. The molecular weight of D1P-EDHwas estimated to be 158,000 by gel filtration and 40,000 by SDS-polyacrylamide gel electrophoresis.
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Foodborne illness
caused by Salmonella remains a major problem in the world. It has been reported that 927 outbreaks of foodborne disease (36, 479 cases) took place in Japan in 1989.1} Of these, 146 outbreaks (6, 750 cases) were caused by Salmonella.Ĉ onventional Salmonella detection from foods requires a minimumof 4 days after sample receipt to obtain presumptive results. Rapid detection of Salmonella in foods is important for quality assurance in the food industry. Many methods, such as cultural methods, 2) enzyme immunoassay,3) and DNA-DNA hybridization, 4'5) are available for detecting Estimation of molecular weight by gel filtration. Molecular weight of the purified D1P-EDHwas estimated with;a Shimadzu liquid chromatograph LC-9A with a du Pent Zorbax GF-250 column (9.4 x 250mm). Elution was done with 0.25m Tris-HCl buffer (pH 7.5) at 1 ml/min.
Results

Purification of DIP-EDH
A summary of D1P-EDH purification is shown in Table I . A crude enzyme (12ml) was brought to 0.2 saturation with a saturated (NH4)2SO4solu-tion, and was cooled in an ice bath for 20min. The precipitate formed was removed by centrifugation at 10,000 xg for 20min at 4°C. The (NH4)2SO4 concentration of the supernatant was brought up to 0.8 saturation and kept at 4°C for 20min. The precipitate was collected by centrifugation at 10,000 x g for 20min at 4°C and dissolved in 20ml of 0.25 m Tris-HCl buffer (pH 7.5). The enzyme solution was thoroughly dialyzed against the same buffer. The dialyzed enzyme solution was put on a Blue-Cellulofine column (1.5 x 5.7cm) equilibrated with 0.25 m Tris-HCl buffer (pH 7.5). After the sample was put on, the columnwas washed with 20ml of the same buffer. Elution was started with the same buffer containing 5mM NAD and followed with the buffer containing 2m KC1. Two ml fractions were collected at a flow rate of40 ml/hr. The elution profile from the Blue-Cellulofine column is shown in Fig. 1 . The D1P-EDH activity was eluted with 5mMNADin fractions 21-26. The proteins eluted with 2m KC1 showed no D1P-EDHactivity. The extent of purification was about 16-fold, the recovery of activity was 51%, and about 95% of the contaminants was removed by this step (Table I) 250 mm). One-fifth of the concentrate (0.2ml) was put on the column and eluted with 0.25m Tris-HCl buffer (pH 7.5) at 1 ml/min. Fractions of 0.15ml were collected and D1P-EDH activity was checked. These operations were repeated 5 times to fractionate 1ml of the concentrate. The D1P-EDHactivity was detected at a peak eluted around 8.4min. The active fractions were pooled (0.3ml). The specific activity was increased 277-fold over the crude extract and the recovery of activity by the final step was 21.3% (Table I) .
Activity staining Figure 2 shows the electrophoregram of the 
SDS-PAGE of the purified D1P-EDH preparation
The purity of the D1P-EDH preparation was checked by SDS-PAGE. The-purified enzyme preparation gave a single band on the electrophoregram (Fig. 3) . The molecular weight of the preparation was estimated to be 40,000 by SDS-PAGE.
Estimation of the molecular weight of native D1P-EDH
The molecular weight of the native D1P-EDHpreparation was estimated by gel filtration on Zorbax GF-250 column. As shown in Fig. 4 , the molecular weight of the native enzyme was approximately 158,000. Estimation of the molecular weight of the denatured enzyme on SDS-PAGEgave a value of 40,000 (Fig. 3) , suggesting that the enzyme is composed of four subunits or that the enzyme molecules tend to aggregate under the gel filtration conditions.
Optimal pH of D1P-EDH The optimal pH for D1P-EDHactivity was measured in buffers of various pH's. Buffers used were 0.3 m citric acid-phosphate buffer for pH 5, 6, and 7, 0.3m Tris-HCl buffer for pH 7.5, 8.0, 8.5, and 9.0, and 0.3m glycine-NaOH buffer for pH 9.5, 10.0, and ll.0. The optimal pH of the enzyme was from 9.0 to 9.5. After the samples were kept in an ice bath for 3 hr, the remaining.activity was measured at pH 9.0. The enzymepreparation was stable frompH6to ll.
Stability of DIP-EDH D1P-EDH from
Substrate specificity of D1P-EDH
The activity of the purified D1P-EDH against various substrates was investigated in 0.3 m Tris-HCl buffer (pH 9.0). The substrate specificity of D1P-EDHis shown in Table II .
It oxidized fructose 6-phosphate and galactose 6-phosphate as well as DIP. The enzyme activity against ethanol was 5 times that against DIP. Methanol, 2-propanol, and polyethylene glycol were not substrates for the enzyme. The sugar alcohols tested, dulcitol, inositol, mannitol, sorbitol and xylitol, were only slightly oxidized by the enzyme.
Effects of metal ions and chemical reagents on D1P-EDH activity
The effects of several metal ions and chemical reagents on D1P-EDHactivity were investigated. As shown in Table III , the enzyme activity was strongly inhibited by NaNâ us, the properties and the structure of this enzyme will be studied in detail.
Mannitol 1-phosphate dehydrogenase of £ coll has been reported to be a thiol enzyme.9)
Most dehydrogenases such as alcohol dehydrogenase and sorbitol dehydrogenase are inhibited by PCMB.The mercurial compound is generally considered to be a fairly specific reagent for sulfhydryl groups. D1P-EDH activity was strongly inhibited by PCMB (Table III) . The result suggests that the enzyme contains freely reacting sulfhydryl groups that are essential for activity like other dehydrogenases.
A rapid detection method for Salmonella in food by a combination of a cultural method and a monoclonal antibody against Salmonella D1P-EDH will be developed and reported in the near future.
